C 13 H 19 ClN 2 S 2 Sn, triclinic, P1 (no. 2), a = 6.5837(2) Å, b = 9.9458(2) Å, c = 12.8720(3) Å, α = 85.344(2)°, β = 79.508(2)°, γ = 83.832(2)°, V = 822.33(4) Å 3 , Z = 2, Rgt(F) = 0.0176, wR ref (F 2 ) = 0.0461, T = 100 K.
CrysAlis PRO [1] , SHELX [2, 3] , WinGX/ORTEP [4] Source of material All chemicals and solvents were used as purchased without purification. The melting point was determined using a Mel-temp II digital melting point apparatus and was uncorrected. The solid-state IR spectrum was obtained on a Bruker Vertex 70v FTIR Spectrometer from 4000 to 400 cm −1 . The 1 H and 13 C{ 1 H} NMR spectra were recorded at room temperature in CDCl 3 solution on a Bruker Ascend 400 MHz NMR spectrometer with chemical shifts relative to tetramethylsilane. The dithiocarbamate ligand was prepared in situ (methanol) from the reaction of CS 2 (Merck 0.25 mmol) with 1-phenylpiperazine (Merck, 0.25 mmol) and NaOH (0.02 mL; 50% w/v); CS 2 was added dropwise into the methanolic solution (10 mL). The resulting mixture solution was kept at 273 K for 0.5 h. Dimethyltin dichloride (Merck, 0.25 mmol, 0.05 g) in methanol (10 mL) was added to the prepared sodium 1phenylpiperazinedithiocarbamate. The resulting mixture was stirred under reflux for 2 h. The filtrate was evaporated slowly until a white precipitate was formed. The precipitate was recrystallized from methanol by slow evaporation to yield colourless crystals.
Yield 
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.95-0.99 Å) and refined as riding with U iso (H) = 1.2-1.5Ueq(C).
Comment
Recently, the structure of the dithiocarbamate ligand featured in the title compound, Me 2 Sn[S 2 CN(CH 2 CH 2 ) 2 NPh]Cl, became available in its salt with the 4-phenylpiperazin-1ium cation [5] . Organotin dithiocarbamate compounds are well-known as potential pharmaceuticals and as having applications as synthetic precursors for the chemical vapour deposition of tin sulphide nanomaterials [6] . It was biological considerations [7] that led to the formation and crystallographic analysis of the title compound.
The molecular structure of Me 2 Sn[S 2 CN(CH 2 CH 2 ) 2 NPh]Cl is shown in the figure (70% displacement ellipsoids) and comprises a penta-coordinate tin atom. The dithiocarbamate ligand is asymmetrically chelating the tin centre, forming Sn-S1, S2 bond lengths of 2.4734(5) and 2.7458(5) Å, respectively. The longer Sn-S2 bond is partly due to the approximately trans disposition of the S2 atom to the chloride, i.e. S2-Sn-Cl1 = 155.971(16)°. The difference in the Sn-S separations, i.e. ∆(Sn-S) = [(Sn-S long ) -(Sn-S short )] = 0.27 Å, results in a disparity in the associated C-S bond lengths. Thus, the C3-S1 bond length [1.746(2) Å] associated with the more tightly bound sulphur atom is longer than the equivalent bond [1.714(2) Å] involving the less tightly bound S2 atom. This contrasts the situation in the structure of the salt of the dithiocarbamate anion [5] whereby the C1-S1, S2 bond lengths of 1.7192(14) and 1.7249(14) Å, respectively, are experimentally equivalent. The Sn-Cl1 bond length is 2.4722(5) Å. A quantitative measure of a five-coordinate geometry is τ, which ranges from 0.0 to 1.0 for ideal square-pyramidal and trigonalbipyramidal coordination geometries, respectively [8] . The value of τ computes to 0.40 in the title compound, indicating a highly distorted geometry. The distortion is ascribed in part to the acute chelate S1-Sn-S2 angle of 68.887(16)°as well as the wide angle subtended by the tin-bound methyl groups, with C1-Sn-C2 = 132.18(9)°. In summary, the structure of Me 2 Sn[S 2 CN(CH 2 CH 2 ) 2 NPh]Cl conforms to the expected motif for compounds of this type [6, 9, 10] .
There are several non-covalent interactions less than the sum of the respective van der Waals radii in the molecular packing. Thus, methylene-C-H· · · Cl interactions lead to the formation of centrosymmetric dimeric aggregates [C5-H5a· · · Cl1 i : H5a· · · Cl1 i = 2.70 Å, C5· · · Cl1 i = 3.676(2) Å with angle at H5a = 170°for symmetry operation (i) −x, 1 − y, 1 − z]. These aggregates are connected into a supramolecular layer with a flat topology and parallel to (0 1 −1). The layer is sustained by C-H· · · π(phenyl) and π-π stacking interactions involving the same phenyl ring [C7-H7a· · · Cg(C8-C13) ii :
H7a· · · Cg(C8-C13) ii = 2.76 Å, C7· · · Cg(C8-C13) ii = 3.500(2) Å with angle at H7a = 132°a nd Cg(C8-C13)· · · Cg(C8-C13) iii = 3.7795(12) Å for (ii) 1 + x, y, z and (iii) −x, −y, −z]. Weak phenyl-C-H· · · S(thione) interactions [C13-H13· · · S2 iv : H13· · · S2 iv = 2.98 Å, C13· · · S2 iv = 2.9774(19) Å with angle at H13 = 128°for (iv) 1 − x, 1 − y, −z] feature in the inter-layer region.
In order to analyse the molecular further, the Hirshfeld surfaces were calculated along with the full and delineated two-dimensional fingerprint plots using Crystal Explorer [11] and established protocols [12] . The aforementioned phenyl-C-H· · · S(thione) interaction is the only one less than the sum of the van der Waals radii of sulphur and hydrogen in the crystal, with other H· · · S contacts occurring at longer distances. Overall, S· · · H/H· · · S contacts contribute 13.3% of all contacts on the calculated Hirshfeld. Other significant surface contacts are of the type Cl· · · H/H· · · Cl (13.2%) and C· · · H/H· · · C (11.1%). However, none of these compare in significance to H· · · H contacts, with these making the greatest percentage contribution of 56.4% of all contacts.
